Abstract: Aluminum foil industry is the high energy-consuming industry. In order to realize energy saving, green and environmental protection, this paper presents an integrated topology for low-voltage and high-current aluminum forming foil power supply. This is characterized by the use of pre-PFC circuit to improve power factor, to provide a stable DC voltage on phase-shifted full-bridge soft-switching DC/DC converter to reduce design difficult and synchronous rectification to improve the low-voltage high-current power supply system power density and efficiency. This paper focuses on the design of the 28027-based digital control system and its software system. It uses SPI to implement communications of two 28027 to enhance the control performance of the system. The 650W prototype demonstrates advantages of digital control. Test data are shown that the digital development platform has the advantages of high efficiency and high-power factor.
Introduction
With the rapid development of many emerging fields such as electric drive and new energy automobile electronic technology, increasing demands into the aluminum foil. For formed aluminum foil production is energy intensive industries, in order to reduce the production cost, enhance the competitiveness of their products, it is increasing demands that to develop low voltage large current of high power dc power supply with high reliability, high efficiency and high power factor.
Traditional thyristor rectifier is a low efficiency low-frequency rectifier with large loss, so, high power efficiency high power factor of high-frequency soft switch power becomes a development trend. Since its invention in the 1980s, the conventional phase-shifted full-bridge (PSFB) dc-dc converter is extensively used for highpower applications [1] [2] [3] [4] [5] [6] . This power supply adopts generally multi-modules parallel redundant technology. Some of the literature in-depth analysis of the PSFB circuit theory, topology analysis and steady-state and dynamic performance [7] [8] [9] [10] [11] [12] [13] . However, its performance is affected mostly for the analog control and passive power factor control. The digital control for PSFB converters and related issues has been researched in recent years [14] [15] [16] [17] [18] . In this paper, the digital development platform of the power supply module is developed, which highly integrated DSP-based realizations feature adaptive two-phase interleaved power factor correction front end, zero voltage switching (ZVS) and synchronous rectification schemes. It can effectively reduce development costs of the power supply and speed up product upgrading.
Details for generating complex gate drive waveforms, required by these control schemes, and intelligent timing control, to optimize system performance under changing operating conditions, are provided.
Main Circuit Topology
The input AC line is passed through an EMI filter, and then through a bridge rectifier. The next stage is a boost converter that boosts the AC line voltage, at any given instant, to the DC bus voltage. Since the boost converter output is discontinuous, a capacitor acts as an energy reservoir that reduces the output ripple.
A phase shift full bridge (PSFB) inverter is core of the circuit, which consists of four MOSFET switches that form a full-bridge on the primary side of the isolation high-frequency transformer and MOSFET switches for synchronous rectification (SR) on the secondary side. This circuit allows all the switching devices to switch with ZVS resulting in lower switching losses and an efficient converter. In this work, ZVS for switches in the one leg of the full bridge and zero or low voltage or valley switching for switches in the other leg is achieved across the complete load range, by changing dead-times for primary side switches based on load conditions.
For such an isolated topology, signal rectification is required on the secondary side. For systems with low output voltage or high output current ratings, implementing synchronous rectification instead of diode rectification achieves the best possible performance by avoiding diode rectification losses. In this work, current double synchronous rectification is implemented on the secondary side with different switching schemes to achieve optimum performance under varying load conditions. The PWM switching signals for leg T5-T6 of the full bridge are phase shifted with respect to those for leg T3-T4. The amount of this phase shift decides the amount of overlap between diagonal switches, which in turn decides the amount of energy transferred. T7, T8 provide the current double rectification on the secondary, while L3 and C3 form the output filter. The inductor LR provides assistance to the transformer leakage inductance for the resonance operation with MOSFET capacitance and facilitates ZVS.
Investigation on Integrated Correction for Formed Aluminium Foil
In figure 1 , 
Software Structure Of Digital Controller
System overall scheme of digital controller is showed in figure 2 . The circuit of the two-stage scheme such as inter-leaved PFC and PSFB has its own control circuit. Its communication is by SPI of 28027. The overall scheme of the software design as shown in Fig.2 , which is mainly composed of three parts: (1) leading power factor compensation circuit of digital control algorithm; (2) DC/DC circuit of digital control algorithm; (3) man-machine interface. 28027 mainly complete control of the leading power factor compensation circuit, realize the input current tracking the input voltage, based on the average current control implementation. Second 28027 mainly complete DC/DC circuit of digital control; this paper adopts the phase shifting control. Man-machine interface can implement the system of condition monitoring, fault detection and real-time parameter adjustment, fully embodies the advantages of digital power based on the C#. We take the PFC scheme so inevitably involves the communication between the two levels before and after parts, moreover also includes protection, D/A program such as auxiliary module. The CCS project for C2000 ILPFC mostly makes use of the "C-background/ASM-ISR" framework. The main fast ISR (100 kHz) runs in assembly environment. A slower ISR (10 kHz) is also run from C environment. This slow ISR is made interruptible by the fast ISR.
The CCS project uses C-code as the main supporting program for the application, and is responsible for all system management tasks, monitoring, decision making, intelligence, and host interaction. The assembly code is strictly limited to the fast Interrupt Service Routine (ISR), which runs all the critical control code. Typically this includes reading ADC values, input line cycle polarity detect, sensed line volt rectification, control calculations, and PWM updates. The slower ISR in the C environment calculates the RMS input voltage, RMS input current, and RMS input power and frequency of the input line voltage. Fig.4 depicts the general software flow for this project. The key framework C files used in this project are: interleaved PFC-Main. C-this file is used to initialize, run, and manage the application. Interleaved PFC-De v/nit F2802x. c. This file is used for 2802x controller initialization. A As mentioned in Section 1, the IL PFC system is controlled by two feedback loops. The outer voltage loop regulates the DC bus voltage, while a faster inner current loop shapes the input current in order to maintain a high input power factor. Fig.6 also shows the rate at which the software modules are executed. For example, the current controller is executed at a rate of 100 kHz (half of the PWM switching frequency) while the voltage controller is executed at 50 kHz rate.
Experimental Results
The experimental results of one FB dc-dc converter are presented in Fig.7-Fig.11 . It should be mentioned that feedback loop is disabled intentionally to test circuit with 50% duty cycle. Fig.7 illustrates the Gate signals of T3 to T6 in FB dc-dc converter. Fig.8-Fig.10 illustrates voltage waveforms of power switch in FB dc-dc converters at the zero voltage. Fig.11 illustrates the waveforms of input voltage and current of dcdc converter. 
Conclusion
This paper focuses on the digital control design of low-voltage high-current power supply for aluminium foil. In the power converter topology converter after the general requirements with high-speed high-precision AD conversion module, is mainly responsible for the output voltage and current digital sampling and processing. Precontroller generally requires a high frequency, to meet the complexity of the computational complexity of the algorithm, to be responsible for the implementation of various types of control loop algorithm and the final output PWM control signal. This article uses two 28027 to achieve before and after the level of serial communication between. After the controller is configured as the host, the former controller is configured as a slave, which realizes the integrated control of the high efficiency and high power factor power supply. The experimental results show that the digital control method and software design are feasible. It provides a powerful development platform for the high-power digital power supply of aluminium foil.
Our future work is to apply the integrated digital platform to actual aluminium forming foil large power supply. The performance and effectiveness will be tested. The approach developed in this paper could also be utilized.
